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There are two distinct periods in the annual 
cycle of an oak forest. The first is the time 
-of formation of the forest litter under the in- 
fluence of autumn defoliation. In the oak for- 
est of the Voronezh State Reservation, where 
we made our investigation, leaf-fall begins at 
the end of August and ends in early November. 
The second period, which embraces the other 
months of the year, is the time when the fallen 
leaves decompose. 


Long-term investigations showed that the 
mass of foliage forming in an oak forest 
every year does not change in relation to the 
age of the tree stand. Weather conditions in 
individual years have a much greater effect 
(2, 3,4). Data on the amount of litter in a 
sedge-goutweed oak forest show essential 
differences in the mass of litter forming annual- 
ly. This influence manifests itself differently 
in plot areas in oak stands of different ages 
(Table 1). 


_ Depending on the fluctuations in the mass of 
litter, the amount of nutrient elements which 
return to the soil surface with the litter also 
changes. This can be illustrated by data for 
a 93- to 106-year old oak stand, where the 
difference in age has the least effect, and the 
observed fluctuations in the amount of litter 


are caused primarilh weather conditions 
(Table 2). dail : 


_,,The alternation in the annual cycle of the 
litter formation and its subsequent decomposi- 
tion determines the change in the mass of 
forest litter. The amount of litter in an oak 
forest is greatest at the beginning of spring 
and consists of undecomposed old litter and 
litter accumulated during the autumn and partly 
ene the winter-spring season. The forest 

itter decomposes during the following spring- 
papers Season and by the time autumn leaf- 

ae occurs the mass of litter reaches its lowest 
3 ue, The change in the mass of litter from 

57-1958 can serve as an example, After 
peat leaf-fall, supplemented by the spring 

oo all of late oak, the total amount of forest 

er was 13.2 metric tons/ha. Decomposition 
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There is also a leaf-fall in spring in stands con- 


taint ga: 
a% i iaie Oak, which keeps its dry leaves until 


in summer reduced this amount at the beginning 
of the next leaf-fall to 9.7 metric tons/ha, The 
difference of 3.5 metric tons/ha corresponds 
approximately to the leaf-fall. 


Both changes in the mass of litter and in 
the rate of its mineralization depend on weather 
conditions. Generally, however, the decomposi- 
tion of litter corresponds more or less to the 
accumulation of litter, with unavoidable devia- 
tions in one or the other directions, For the 
sake of comparison we must mention that the 
amount of forest litter in pine stands in the 
same forest massive is 37-46 metric tons/ha. 


Two layers can be distinguished in the 
composition of forest litter in an oak forest. 
The largest mass fluctuations occur in the 
upper layer, which consist of fallen leaves and 
is designated by the letter L. The weight of 
this layer was 5.3 metric tons/ha in the sprin 
of 1958, while it decreased to 2.7 metric tons/ha, 
i.e., by 2.6 metric tons/ha, at the beginning of 
leaf-fall. Mass fluctuations in the second layer 
(or fermentation layer), which we will designate 
by the letter F, were smaller. This layer con- 
sists of almost completely decomposed leaves of 
a dark brown color, which are interwoven with 
the mycellia of fungi. The entire F layer 
weighed 7.9 metric tons/ha in spring, while 
before leaf-fall its weight became 6.9 metric 
tons/ha, i.e., its mass was reduced by 1.0 
metric tons/ha. 


As the mass of the layers of forest litters 
decreases, the content of ash elements in them 
increases because of the decomposition of or- 
ganic compounds, primarily carbohydrates. We 
found an increase in the content of ash elements 
in the L layer from 5.2% to 6.5% from spring 
to autumn; the increase in the F layer was from 
8. 2% to 9.4%. 


As compared to the fallen leaves (Table 3) 
the forest litter becomes poor in nitrogen, 
potassium, phosphorus, and magnesium and 
relatively rich in silica, aluminum, and iron, 
and slightly less in calcium as it decamposes. 
This is especially noticeable at the fermenta- 
tion layer (F), where the decrease in potassium 
is most pronounced. 


Additional patterns are revealed by the calcu- 
lation of the total content of elements in the 
forest litter (in kg/ha) and-its separate layers 
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Table 1 


Dynamics of litter fall in a sedge-goutweed oak forest on dark gray-brown sandy loam forest 
soils 


Years of observation, metric tons/ha 


Age of the 

stand 1918 | 199 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956 | 1957 | 1958 | 1959 | 1960 
12—24 2,8 | 3,5 | 4,3 | 4,6 | 3,3 | 3,7] 4,2 | 3,7 | 4,4 | 3,4 | 4,2 | 3,8 3,2 
48—60 3,3 | 4,1 | 4,0] 4,1] 3,7 | 4,4] 4,9 | 3,8) 4,7 4,3 | 3,9 | 4,1 | 3,5 
93—106 3,1 | 2,8 | 4,0] 4,9] 4,3 | 4,6 | 5,5 | 4,4 | 5,3 | 4,6 | 4,4 4,0 | 4,0 
130—142 — 3,8 | 4,9 | 4,2 | 4,2 | 3,9 | 5,4 | 4,8 | 5,4 | 3,4 | 4,7 | 5,4 3,6 

E 
Note: Comma represents decimal point. 
Table 2 


106- year old 


Amount of nitrogen and ash elements from the leaf-fall (leaves) in a 93- to 
sedge-goutweed oak stand 


Years x | si aire | ca | Me 

liep kg/ha per year 

1918 32,9 18,6 3,8 57,0 8,9 21,0 4.9 4,8 
199 30.6 171 3'5 54.5 7.7 19:6 46 | 47 
1950 42'8 224 4.6 72, 10.4 25.8 61 | 6.0 
1951 54,9 27,7 4.6 95,5 12,5 33,9 8,2 8,4 
4952 46,3 22.2 3,1 74.7 10,7 29,6 6,2 6,1 
1933 43,9 20,5 5,0 80,8 11,6 27,6 6,7 6,6 
1954 54,2 270 5,8 95,6 13,4 33,3 29I T 
1955 43,2 24,0 4,1 123 19,8 25,2 6,0 4,9 
1956 48,6 26,2 4,8 81,0 12,4 28,2 6,7 6,7 
1957 46,0 23,9 4,3 77,3 14.2 26,9 6.6 6,4 
1958 43,2 24,0 Al 72.3 10,8 25,2 6,0 4,9 
1959- 30,9 21,0 San 59,3 9,0 14,2 9,9 4,9 
1960 37,5 25,9 3,7 72,0 10,9 17,2 41,59 6,0 

SS B 


Note: Comma represents decimal point. 


(Table 4). 


Such a calculation shows that the 
total content of iron in the forest litter hardly 
changes during decomposition and the aluminum 


content decreases only slightly; the decrease 
in the amount of silicon is more pronounced. 
The improverishment of the litter is greatest 


Table 3 


Content of nitrogen and ash elements in fallen leaves and in the litter of an oak forest, 1958 


Layers N | si | al | Fe | ca | Me | K |P 
Sampling In % of substance dried at 100 °C 
time 
1,95 | 0,45 | 003 | oos | 164 | 0,22 | 0,45 | 0,17 
| 
Tone | E | 1,81 | 0,53 0,29 0,13 0,70 0,14 0,20 | 0,16 
ame F 0,64 0,81 0,45 0,20 1,88 0,24 Om. E | 0,09 
July | L 1,70 6,55 0,32 | 0,16 1,62 0,16 0,17 0,14 
Same F 1,52 0,84 0,49 0,25 1,82 0,17 0.09 | 0,08 
August | L | 1,63 0,57 0,37 0,18 1,41 0,14 0,14 0,13 
F 1,46 0,87 0,52 0,27 0,90 0,17 0,07 0,07 
Note: Comma represents decimal point. 
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Table 4 


Change in the content of nitrogen and ash elements in the litter of an oak forest 


| Fe | Ca | 


Mg | 


Content in kg/ha 


; nN [| si | a 
Sampling Layers 

time 

L 28,2 15,4 

June F 64,2 35,6 

` Total 92,4 51,0 

8 

3 

1 
August 

| 


Now loen lwrd 


Note: Comma represents decimal point. 


in potassium, nitrogen, and phosphorus, and 
somewhat less in calcium and magnesium. 
The largest decrease in the amount of these 
elements in 1958 occurred in June-July and 
was relatively small in August. 


If we calculate the content of each element 
in August (in percent) from that in June, we 
obtain the following ascending series in order 
of mobility: 


ponty Fe < AI < Si < Ca < M@=N<P<K 
o! 


initial 100 90 83 72 65 65 53 46 
The absolute values of the series change in 
other years, but the relative order of mobility 


remains the same. 


The foregoing analytical material does not 
embrace the early spring period, when leaching 
of the forest litter and soil by snow meltwater 
and spring rains is greatest. Therefore it can- 
not characterize the absolute loss of separate 
elements by the forest litter. 


Moreover, this material does not show where 
the elements lost by the forest litter go. We 
cannot tell on the basis of the foregoing analyses 
which part of the elements was leached from the 
litter by precipitation, which was removed by 
animals feeding on dead plant materials, and 
which was drawn into the new biological cycle. 

A certain part of the elements supplied to the 
forest litter during the biological cycle is later 
undoubtedly removed from the litter into the 
Soil. This process has an exceptionally great 
effect on the formation of the profile of forest 
Soils and their forest-growing properties. 


: Calculations of the elementary composition 
ah Parent rocks in volumetric percentages 
Showed that 92%-94% of their volume is occupied 
‘i oxygen atoms, while all the remaining atoms 
count for 6%-8%. Thus, the elements needed 
in plants are very scattered among oxygen atoms 
it packs. As a rule, there is no nitrogen in rocks. 
ollows from the foregoing that unchanged 
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parent rocks represent a medium which is un- 
favorable for nutrition. 


The upper part of the soil profile becomes 
enriched with humus, nitrogen, and ash ele- 
ments during the biological cycle. This changes 
the soil medium inhabited by plants consider- 
ably. The concentration of biologically important 
elements in the root zone, which is achieved 
through the forest litter, creates more favor- 
able conditions for the development of forest 
vegetation and improves the forest-growing 
properties of soil. 


The upper part of the soil profile in the 
foregoing oak forests on poor quartz sand is 
noticeably enriched not only with humus and 
nitrogen, but also with aluminum, iron, 
manganese, calcium, magnesium, sulfur, and 
phosphorus. The accumulation of calcium and 
sodium is less pronounced. This enrichment 
of the upper part of the profile with the fore- 
going elements (Table 5) takes place at the 
expense of the underlying layer (D horizon, 
sample from a depth of 122-128 cm), which is 
richer in ash elements, during the biological 
cycle of elements. Elements brought by the 
temporary water table can also be drawn into 
the biological cycle in spring. 


Not only the foregoing elements, but also 
a small amount of microelements is drawn 
into the biological cycle. An analysis of 
fallen oak leaves (Table 6) showed that a con- 
siderable amount of titanium, a considerably 
smaller amount of strontium, and even a 
smaller amount of the remaining elements 
(vanadium, chromium, nickel, copper, and 
lead) enters the soil with them. An especially 
small amount of cobalt and molybdenum is 
supplied to the soil by the fallen leaves, while 
the amount of zinc and tin is below the sensi- 
tivity of the spectral method. 


A comparison of the content of microelements 
in the fallen leaves and in the forest litter gives 
a certain idea of the process of microelements 
accumulation in the forest litter. The accumulatic 
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Table 5 


Results of total chemical analysis of dark gray-brown, sandy loam forest soil underlain by 
silty clay loam. Sedge-goutweed oak stand (Ye. N. Plastinina, analyst) 


Hori- | Depth; si | al | Fe | Mn | ca | Mg 

zon cm In % of ignited soil u 
; Bs 

O— 5 | 44,86!1,00]0,44]0,06] 0,51 | 0.16 | 0,25 | 0,16 | 0,05 | 0,03 

5— 10 | 44,79) 0,67 | 0.52/0C,04] 0.47 | 0,16 | 0,28 | 0,16 1 0,09 | 0.03 

48— 23 | 45,25]. 19 10,351 0,04] 0,19 | 0.22 | 0,20 | 0,16 | 6,04 | Wot 

54— 59 | 45,31) 0.08] 0,39] 0,02) O15 | 0,07 | 0,24 | 0,13 | 0,03 | 0,01 

78— 83 | 45,50] 0,40) 0.26] 0,01] 0,20 | 0,07 | 0,18 | 0,08 | 0.06 | 0,01 

122—128 | 39,27] 4,53} 2.29] 0,03] 0,52 | 0.36 | 0.90 | 0,23 | 0.06 | 0.04 


Note: The first sample (A, 0-5 cm) was taken immediately from under the litter, 
Note: Comma represents decimal point. 


Table 6 

Content of microelements in fallen oak leaves and in the litter of an oak forest (M.A. Vinnik, 
analyst)@ 

| cr | Ni | Co | Mo | Cu | Zn | Sr | Pb | Sn 


In mg per 1 kg of substance dried at 100°C 


4,8] 5,3| 4.7103 | 04] 4,9] — | 45,2 
10,7 | 13,6 | 0,3 | 0,7 | 0,9 | 9.2] — | 98,2 
9,5] 18,0] 47 | — | 1.4] 20.41] = | 61,3 


The determinations were made on an ISP-22 spectrograph and were followed by measure- 
ments of the darkening of spectral lines on the microphotometer by the method of three 
standards. The sign — (minus) indicates that the content of the given element is below the 
sensitivity of the method. The litter samples were taken in August, 1957. 


Note: Comma represents decimal point. 


of titanium, strontium, vanadium, chromium, 
and copper is very distinct. Lead and molyb- 
denum accumulate to a much lesser degree. 
The content of zinc and tin is below the sensi- 
tivity of the spectral method both in the fallen 
leaves and in the litter. 


The content of all microelements investi- 
gated, except titanium, was minimal in the 
parent material (quartz sand) (Table 7). As 
was to be expected, the underlying material — 
silty clay loam, was richer in microelements, 
However, the content of molybdenum, zinc, 
strontium, tin, and lead in it was approximately 
the same as in the quartz sand. The difference 
being in the higher content of titanium, vanadium, 
chromium, manganese, nickel and to a lesser 
degree cobalt. Under these conditions the root 
systems of oak and its companions had to work 
hard to concentrate in the upper part of the 
soil profile the biologically important micro- 
elements which are very scattered in the soil- 
forming parent material and the underlying 
material, 


In spite of such poor availability of micro- 
elements to vegetation, analyses (Table 7) show 
the accumulation of a number of microelements 
in the humus-accumulation horizon (A,); ac- 
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cumulation is less pronounced in the lower- 
lying horizons (AB and B,). The accumulation 
of titanium and manganese is most distinct, 

that of vanadium, chromium, nickel, and 
copper is much less pronounced, and there 

is very little cobalt and zinc. The behavior 

of strontium is peculiar. Even though it 

is contained in noticeable amounts in the fallen 
leaves and concentrates in the litter, its content 
in the upper soil horizons was not high. - 


The course of litter decomposition is very 
important for the supply of nutrients in the 
available form to forest vegetation. Soil and 
litter animals have an essential influence on the 
decomposition rate of fallen leaves, This is 
evidenced by the very large number of gnawed 
leaves composing the upper layer of the forest 
litter. It was noted that gnawed leaves are 
the first to be decomposed by microorganisms, 
Broadleaf forests are especially rich in soil 
and litter fauna. The discussion of this wide and 
complicated problem does not enter into the 
frame of the present communication, 


Microbiological investigations made 
Chastukhin in the foregoing oak forests (5) showed 
that recently fallen leaves are already covered 
with numerous black spots from the fruiting 
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Table 7 


i ent content in dark gray-brown sandy loam soil on quartz sand underlain by silty clay 
Microelem > loam. (M.A. Vinnik, analyst). 


| ti [vier[ si] co | Moj cu | za [ s | sn [ Pb [ am 
7 


In mg per 1 kg of soil ignited at 450°C 


Ay | 4—10 | 5200 | 56 | 45 | 28 7 | <5] 32 500| <100} <5 | <5 | 3300) 
AB 1416—23 | 2800 | 30 |48] 9 5j <5 | 30 |<100|<100| <5 <5 790 
By 26—36 | 1900 | 28 | 52] 8] <5] <5] 31 |<100]/<100] <5 | <5 100 
Ba 45—55] SOV] 10 | 89) 6| <5 | <5] 26 |<100|<10] <5 | <5 100 
| By gu—90 | $10] 22] 34) 8] <5 | <5 | 25 |<100|<100] <5 <5 100 
| D | 420—130) 4800 | 79 | 45 | 417 7 | <51 ma | <100] <loo] <5 <5 270 


bodies of ascomycetous fungi. Thus, the fungal 
action begins in a number of cases on leaves 
which are still attached to the tree. Chastukhin 
found the mycelium of basidium fungi and cellu- 
lose-decomposers (Trichoderma ligno ae) 
developing in the slightly decomposed (upper 
layers of forest litter. In addition to basidium 
fungi he found strongly developing molds in the 
lower layer of the litter. Experiments on the 
decomposition of cellulose substantiated the fun- 
gal nature of this process in the oak forests 
studied. 


To study the release and removal of nitrogen 
and ash elements from the forest litter, we 
used Büchner-type funnels, used for this pur- 
pose in the past by N. N. Stepanov and others. 
By placing leaves or litter with an undisturbed 
structure into this funnel we could analyze the 
composition of the percolate. A number of ob- 
servations made during the work process lead us 
to the conclusion that the mineralization of the 
leaves or litter, taken individually, differs 
from that taking place when they are in contact 
with the soil. 


To clarify this problem, Ye. M. Samoylova 
made an additional experiment in the autumn 
of 1958 on the decomposition of leaves under 
conditions more close to natural conditions. 
This experiment was made parallel to the study 
of the decomposition of litter in the funnels. 
Caprone bags were filled with oak and basswood 
leaves and placed on the soil surface in an oak- 
basswood stand. The walls of the bags were 
Perforated to let the litter fauna through. The 
experiment was replicated 5 times, the agree- 
oe between the parallel experiments being 


i A comparison of the decomposition rate in 

e funnels and in the bags gave the following 
nemulte, showing the decrease in weight in 

e course of a year in percent of initial weight: 


Leaves; 


Oak Basswood 
in funnels 16 
in bags 27 A 
was 1071 aS decomposition rate in the funnels 
S 1.0-1.8 times s i 
‘This ahoae thot ies ower than in the bags. 


Cannot judge the loss of 


elements from the soil and draw any genetic 
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conclusions from this on the basis of the dif- 
ference in the removal of elements only from 
the litter and litter — soil, placed in lysimeters. 
The greatest decrease in weight took place 
during the spring-summer period, it was less 
in autumn, and very small (2%) in winter. 


During the investigations we could observe 
regular differences in the nature and decomposi- 
tion rate of the leaves of various trees. A relation 
was found between the rate of leaf mineralization 
and the content of nitrogen and ash elements in 
the leaves (4,6). Decomposition by lower 
organisms, which possess a selective ability 
with respect to the nutrient substrate, is the 
more rapid the richer the leaves are in the 
foregoing elements. A role is also played by 
other properties of the leaves, such as hard- 
ness, the content of tannic substances, etc. 


Basswood, ash, hazelnut, and elm leaves 
decompose most rapidly, since they constitute 
a favorable substrate for soil and litter animals 
and microorganisms. Oak and aspen leaves 
were found to be most resistant to decomposition. 
Oak and aspen leaves decompose more rapidly 
when mixed with hazelnut, ash, and basswood 
leaves. 


According to anatomical investigations (4), 
the mesophyll is decomposed first and then the 
epidermis and a large portion of small cells. 
The leaf veins are preserved longest. Chemi- 
cal analyses showed a considerable decrease in 
the content of protein, bitumen, and hemicellu- 
lose and a slightly lesser decomposition of 
cellulose during the winter and early spring 
periods. At the same time there was a con- 
siderable accumulation of water-soluble organic 
substances. During the following summer-autumn 
period cellulose decreased further and the content 
of water-soluble organic compounds decreased 
sharply. At the same time re-synthesis of 
hemicellulose took place and the amount of non- 
hydrolyzable residue increased as a result of the 
formation of humic substances. 


The analytical material on the removal of ash 
elements from decomposing leaves obtained for 
a number of years (1950-1960) is so erroneous 
that we cannot present it here. This limits us 
to the presentation of our final general conclu- 
sions. 


NP. R 


Potassium is released most rapidly during 
the decomposition of leaves. Under the condi- 
tions of lysimetric experiments, basswood 
leaves lost more than 90% of the initial amount 
of potassium each year; elm and hazelnut 
leaves lost 85%; ash, maple, and oak leaves 
lost 80%. The foregoing amounts of potassium 
were removed from the leaves of many trees 
as early as during the early spring period. 
The removal of sulfur, phosphorus, and mag- 
nesium was considerably slower, and that of 
calcium was even slower than that. Oak, 
ash, basswood, and hazelnut leaves lost 40%- 
50% of their initial calcium content in the 
course of a year. As in other investigations, 
there was a relative accumulation in the 
products of leaf decomposition of silicon, 
aluminum, and iron, which are removed most 
slowly from the leaves, 


The amount of elements removed beyond 
the soil profile was assessed in a special ex- 


Tal 


Relationship between the supply of elements f 
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perimental plot of 35 m? for the study of hori- 
zontal flow. The description of this plot is 
given in an earlier publication (2), which in- 
cluded data for the first 4 years of observa- 
tion (1954-1957). Now we can present data 
for 7 years (1954-1960). 


In all these years horizontal moisture flow 
took place only during the snow melting period 
during the second half of March and April, 
sometimes extending to the first half of May. 
In 1957 slight percolation was observed in the 
second half of February because of a prolonged 
warm spell in winter. There was some percola 
tion amounting to a total of 2.5 metric tons/ha 
in the rainy summer of 1958, The total annual 
percolation during 7 years varied from 15 
metric tons/ha (1960) to 60 metric tons/ha 
(1958). Fluctuation in the flow depends on 
the spring storage of moisture in soil, mois- 
ture content of snow cover at the beginning of 
snow thaw, manner of thawing and effect of 


ble 8 


rom the litter and their removal by percolation 


in a sedge-goutweed oak stand 


| swoivandremoact | | wl almlxlels|» 
Supply and removal of si Al Ca Mg K P s | N 


le 


elements 
1953-1954 | | 
Supplied by litter, kg/ha 35,4 | 5,5 [| 97,5 — |42,5 | 8,7 | — |50,9 
Removed by percolation, kg/ha 0,034] 0,147] 3,277) — 0,208|/Trace | — SS 
Same, % of supply 0,10 | 2,67 | 3,36 0,49 | 0 = = 
1954-1955 | | 
Supplied by litter, kg/ha 34,8 | 5,7. 1100,9 — [328 | 87 | — 1503 
Removed by percolation, kg/ha 0,013! 0,295) 2,764, — 0,093) Trace | — = 
Same, % of supply 0,04 | 5,17 | 2,74) — | 0,22 — — 
1955-1956 
Supplied by litter, kg/ha 29,0 | 5,5 | 83,9 35,6 7,4 — |42,4 
Removed by percolation, kg/ha, 0,019 0.528! 4,013) — 0,709!Trace — |0,752 
Same, % of supply | 0,07 | 9,60 | 4,78 = 1,96 | 0 — /1,78 
1956-1957 
Supplied by litter, kg/ha 24,8 3,3 | 72,6 — |26,5 6,6 — |42,4 
Removed by percolation, kg/ha 0,09 | 1,334] 1,284, — 0,253] 0,003} — 0,415 
Same, % of supply 0,37 |39,39 | 1,19 = 0,95 | 0,05 | — 0,99 
1957-1958 | 1 
Supplied by litter, kg/ha 24 6 3,2 | 54,4 8,5 3,8 4,4 |4,4 S2 
Removed by percolation, kg/ha 0,05 0.12 21 0214 ati 0,009) 0,05 ha 
Same, % of supply 0,21 | 3:8 4,1 2,5 0,4 02 | 45:2 2,0 
1958-1959 | 
Supplied by litter, kg/ha 22,6 2,9 49,8 Tet \W2aa 4,6 | 3,8 31,9 
Removed by percolation, kg/ha | 0,27 | 0,17} 0,99 | 0,10 | 0,02 | 0,004) 0,006] 0,48. 
Same, % of supply 1,2 5,9 2,0 1,3 0,009| 0,92 | 0,46 | 0,6 
1959-1960 
Supplied by litter, kg/ha 29,3 | 3,5 | 80,4 |11,3 |30,0 |10,5 |5,6 |36,2 
oe by percolation,kg/ha} Q 44 | 0,006 0,33 | 0,03 | 0,02 | 0,002} 0,007] 0,08 
ame, % of supply 0,37 | 0,17 | 0,41 | 0,27 | 0,07 | 0,02 | 0,43 | 0,22 


Note: Comma represents decimal point. 
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spring rains. 


The active reaction of all the percolation 
waters during these years was close to neutral, 
varying from 6.9-8.0. Of all the elements, 
calcium was removed in the greatest amounts 
during all these years, while much less potas- 
sium was removed (Table 8). For magnesium 
we have data only for the last 3 years which 
show that magnesium is removed in much lesser 
amounts than calcium, Only very insignificant, 
sometimes unassessable amounts of phosphorus 
were removed; the removal of sulfur was also 
small, but greater than phosphorus. The con- 
siderable removal of aluminum when percola- 
tion waters contained a small amount of silicon, 
was unexpected. The removal of silicon in- 
creased considerably in the last two years 
(1959, 1960), exceeding that of aluminum in 
1960. No definite relationship was found be- 
tween the volume of percolating water and the 
removal of the foregoing elements with it. 


The quartz sands on which the soils studied 
developed do not contain soluble salts and 
the source of the water-soluble salts removed 
by percolation is the organic substance pro- 
duced by higher plants and the dead organic 
substance decomposed by lower plants and 
soil and litter animals. If we express the 
amount of elements removed by percolation in 
percentages of the amount supplied by the fallen 
leaves, we will obtain indices which character- 
ize the mobility of a corresponding element under 
given conditions (Table 8). 


We constructed the following mobility series 
on the basis of such indices for 5 elements for 
which we had 7-year data: 


1954 
1955 
1956 
1957 
1958 
1959 
1960 


VVVVV 


Ca>Si>Al>K>P 


The sequence of the foregoing series is 
rather consistent. Only in 1954 and 1958 did 
Aland Ca change places, whereby the difference 
in the mobility of Al and Ca in 1958 was within 
the accuracy of the investigations. K changed 
places with Si and P in 1959. We did not find 
any explanation for the low mobility of potas- 
Sium in 1959, In 1960 when percolation was 
at its lowest, the removal of silicon increased 
and that of aluminum decreased. 


y More detailed mobility series can be con- 
ructed on the basis of investigations in the 
last 3 years: 


a Ca>Al>Mg>N>S>K>Si>P 
59 Al>Ca>Mg>Si>N>S>P>K 


According to 


series is: B. B. Bolynov the migration 


S>Ca>Mg>K>P>Si>AlL 


tiga eee mobility series differ essentially 

Etusi ne migration series in the weathering 

whe compiled by Polynoy (1). Aluminum, 

lores 1S very mobile in the soil under an oak 

for tha is the least mobile in the Polynoy series 
e weathering crust. Potassium is more 
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- elements, 


mobile in the weathering crust than in the soil 
studied. Phosphorus, which is the least mobile 
under soil conditions, occupies a central 
position of mobility in the series for the wea- 
thering crust. Sulfur, which is the most mobile 
in the migration series of Polynov, is not very 
mobile in the soil and is close to phosphorus 
with which it has a lot in common, from the 
biological point of view. 


The difference between mobility series com- 
piled on the basis of data on the release of ele- 
ments during the mineralization of the oak forest 
litter and on their average removal by percola- 
tion is interesting: 


Release from 


the litter: K>P>N=Mg>Ca>Si> Al 
Removed by 
percolation: Al>Ca>Mg>N>K>Si>P 


Potassium is removed from the plant residue 
most rapidly, but according to its removal beyond 
the soil profile it belongs to the least mobile 
Aluminum, on the contrary, is very 
slowly released during the decomposition of the 
litter, but being released it acquires a relatively 
high mobility. The behavior of phosphorus and 
calcium shows similar differences. 


The foregoing is caused by the fact that the 
solutions infiltrating into the soil from the 
forest litters change their composition in doing 
so, since the root systems of higher plants 
and microorganisms take up the elements selec- 
tively. A certain portion of the elements is 
retained because of the adsorption capacity of 
the soil. At the same time an increase in the 
content of elements is possible as a result of 
dissolution and exchange. This is somewhat 
similar to partition chromatography but 
complicated by biological processes. The 
soil is not an inert medium, and the solutions 
filtering through it undergo many changes in 
their composition and properties. 


Since various formations draw into the 
biological cycle unequal amounts of elements 
and at different ratios, while soils differ from 
each other in their interaction with the infiltrat- 
ing solutions, there is no basis to assume that 
there is only one series of mobile elements 
for all soils. 


The influence of the nature of forest vege- 
tation on the content of elements removed by 
percolation may be judged from the results of 
the analysis of the waters of forest streams. 
For this purpose we used streams with a small 
catchment basin, lying within the limits of an 
oak, aspen, or pine forest only. Beginning 
with 1955 we started with the chemical analysis 
of the water of such streams during the snow 
melting period. Now we have data for 6 years. 
We took the water of the Usmanka River for 
comparison (Table 9). 


The analyses showed considerable fluctua- 
tions in the chemical composition of dissolved 
compounds in the streams from year to year. 
There was a certain parallelism between the 
fluctuations in the content of certain elements 
in the percolated water of the plots (Table 8) 
and that of the streams (Table 9). Thus, the 
highest amount of aluminum found in the 
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Table 9 


Abbreviated results of the chemical analysis of water of temporary streams and the Usmanka 
River (Analyzed by M. K. Sviridova and M. Ye. Popova) 


Names of streams Nature of Date a Si | Al | Ca | K | P | s N 
ray eae A a es ee 
and rivers watershed p! Tn mg/liter 
: 1955 
Krutovskiy Oak-covered March31 | — | 0,65} — |62,50) — 
Pridorozhnyy _ [Same Same == |0 T0 — 174,50) — 
Cherepakhinskiy | Aspen-covered ý — | 0,70) -— 144,35) — 
Usmanka River |Covened bya, March 30} — | o,84| — [30,24 — 


Krutovskiy Oak-covered 7,6} 0,45]13,94/99,19}14,71 Trace| _ 15,16 
Pridorozhnyy Same Same |7,8 — | 8,10 
Cherepakhinskiy | Aspen-covered " 7,5] 0,37/13,97/63,71/12, 94 it — | 6,95 
Usmanskiy _ Pine-covered " 17,4] 0,22/10,89/32,26]}15,54] " | — |12,74 
Usmanka River |Covered by a «17.5 0,16]14,72/73,38]18,62] " | — 110,79 


| 0, 39}/11,69/99,19}17,24) " 


Krutovskiy Oak -covered April9 | 7,0] 1,70/21,72/24,12| 5,08] 0,06 | — | 3,36 
Pridorozhnyy Same 7 7,2) 1,71/20,54]22,68) 1,89) 0,06 | — | 4,48 
Cherepakhinskiy | Aspen-covered " 7.2 1,80]16.53](1,88] 0,70] 0,05 | — | 5,60 
Usmanskiy Rine-covered | April 11 [6:7] 1,61[12,30] 6,48] 1,01] 0,07 | — | 4,48 
Usmanka River Covered by 3 April 12 |6,6| 4,69]12,30}141,52] 0,50} 0,06 | — | 6,72 
958 
Krutovskiy Oak-covered April 15 | 8,0] 0,87| 2,36/31,57/ 1,24] 0,11 | 60 15,9 
Pridorozhnyy |Same z 8,0| 0,81| 2,37/18,42| 1,49] 0,03 ]0,72| 14,9 
Cherepakhinskiy |Aspen-covered " 7,8| 0,62| 2,30/17,10| 2,14] 0,09 |1,60| 14,8 
Usmanskiy Pine-covered 8 6,0] 0,58] 2,42) 8,04) 1,414] 0,09 |2,40| 15,4 
Usmanka River |Coyered by a, ” 7,6| 0,47| 2,36] 8,04] 0,40] 0,09 |4,01] 14,4 
1959 
Krutovskiy Oak-covered April 4 | 7,0/11,40} 0,18]26,46) 0,36] 0,04 [0.33] 1,34 
Pridorozhnyy = |Same s 7,0 |11,44| 0,20/43, 20] 0,06] 0,02 10,16] 1,12 
Cherepakhinskiy |Aspen-covered 5 7,0) 8,19] 0,18/10,80) 0,17) 0,01 |0,01| 1,57 
Usmanskiy Pine-covered |April5 | 6,6] 7,89] 0, 19/12, 26] 0,09] 0,01 [0,30] 1,60 
Usmanka River |Govergd by a. " 6,8| 7,32] 0,418]21,60] 0,17|Trace |0,23] 0,78 
1960 2 
Krutovskiy Oak-covered April 15 |7,4| 8,15) 0,34/17,94] 0,47] 0,15 |0,60) 4,45 
Pridorozhnyy Same " 7,4| 8,59) 0,40/26,87| 0,59) 0,14 |0,14| 2,37 
Cherepakhinskiy |#SPen-covered " 7,5| 7,39| 0,46/13,74] 0,59] 0,18 ]0, 14/13, 24 
Usmanskiy Goatees April 16 | 7,0] 6,57] 0,38] 6,18] 0,82] 0,16 |0,48) 8,80 
Usmanka River | nixed forest | APril 15 |7/5] 5,48] 0,43]13,90| 0,44] 0,17 |0,27| 2,37 


Note: Comma represents decimal point. 


percolation water from the plots in 1957 
coincides with its highest amount in the water 
of the streams. The same is true of the highest 
content of calcium and potassium in 1956. In 
1959 and 1960 the amount of silicon in the 
percolation water from plots and in the streams 
increased. 


Stream water, fed from watersheds covered 
with various forests, differed essentially in 
calcium content. The water of streams with 
pine-covered watersheds was poor in calcium 
and had a more acid reaction than the water 
of streams fed from watersheds occupied by 
oak forests. The water streams from water- 
sheds covered with aspen occupies an inter- 
mediate position. The reason for this differ- 
ence is that more calcium is drawn into the 
biological cycle by an oak forest than by a 
pine forest. The reasons for the lesser re- 
moval of calcium from watersheds occupied 
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by aspen is not clear, since the litter of an 
aspen forest has a somewhat higher calcium 
content, 


The water of the Usmanka River is poorer 
in calcium than the water of streams in the oak 
forest, but richer than the water of streams 
in the pine forest. We must consider that the 
upper reaches of the Usmanka River lie 
partly in the steppe belt. Even though snow 
melting begins earlier in forest-free water- 
sheds, they still have a certain effect on the 
composition of the water in the Usmanka River 
during the snow melting period in the forest. 


We can see from the foregoing material that 
the nature of the forest litter formed in various 
forests affects not only the properties of 
soils developing in a forest, but also the com- 
position of soil water feeding forest streams 
and rivers, and by the same token the composi- 


DECOMPOSITION OF FOREST LITTER 


tion of larger rivers. This relates the biologi- 
cal cycle of elements under various vegetation 

to the wider problem of the large geological cycle 
of substances in nature, 


Conclusions 


1, The annual amount of foliage and litter in 
an oak forest undergoes considerable fluctua- 
tions depending on the weather conditions in 
individual years. Together with this the amount 
of nitrogen and ash elements entering the soil 
by way of leaf-fall changes. 


2. The leaching of individual elements re- 
leased during the decomposition of the litter in 
an oak forest takes place in the following 
order: Fe < Al< Si < Ca < Mg=N<P<K 


3. Part of the foregoing elements is selective- 
ly absorbed by living organisms and the solid 
phase of the soil during their percolation through 
the soil. The order in which the elements are 
removed by percolation differs from their order 
of removal from the forest litter. Potassium 
and phosphorus are especially clearly retained 
in the soil. 


4. The water of streams having watersheds 
occupied by various types of forests differs 
considerably by content in dissolved salts. 

The water of streams fed from watersheds 
occupied by oak and aspen forests are richer 
in calcium salts than the water of streams 


with pine-covered watersheds. 


5. The characteristics of the biological 
cycle of elements under various types of 
vegetation affect the composition of dissolved 
compounds in river waters, and, consequently, 
the large geological cycle of substances in 
nature. 


Received March 21, 1961 
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